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分析人的 importin β家族基因的核心启动子序列，发现它们都不含 TATA 框
（TATA box）。不管转录起始位点（transcription start site，TSS）上游是否存在






























Nucleocytoplasmic-transport is one of the most important processes of 
eukaryotic cells. It is a complex process for nuclear translocation of 
macromolecules, which need the participation of transport receptors,cargos 
and other components,and it is energy dependented. Nucleocytoplasmic 
transport receptors bind the nuclear localization signal (NLS)or nuclear export 
signal (NES) of the substrate, and substrate transport into or out of the 
nucleus. 
The importin β family is a nucleocytoplasmic transport receptor family 
which widely distributed in eukaryotes. A large number of regulatory factors  
necessary for development, differentiation, and normal cell life cycle events 
need the importin β family proteins to transport them into or out of nucleus at 
the right time. The regulation of iimportin β family’ expression is an important 
regulator of nucleocytoplasmic transport. 
The promoter is a key part of transcription initiation, the first step of  
transcriptional regulation. The promoter is a sequence of DNA which located 5' 
upstream of a gene, and can guide the RNA polymerase holoenzyme and 
initiate transcription of the gene. The core promoter is a necessary part of the 
RNA polymerase II transcription initiation, and is composed of some basic 
elements. The core promoter can interact with the basical transcriptional 
apparatus. There are no common sequence features of core promter, and 
there is a high degree of diversity of core promter. Upstream elements and 
response elements, other  promoter compositions,c an be seen as regulating 
part of the core promoter activity. 
Through the analysis of the core promoter sequences of the human 
importin β family genes, we found no TATA box in human importin β family 
gene promoters. Regardless of whether there are GC box and CAAT box 

















not use the luxury gene regulation mechanism to regualte their transcription. 
There are most widely distribution of the downstream promoter elements 
(DPEs) in importin β family gene promoters. And this implied there may be the 
way of specific DPE-dependent transcription initiation in mammals existence. 
We predicted transcription factor binding sites in the larger promoter 
context, and found the high-frequency transcription factor binding site was SP1 
binding site. There were other transcription factor binding sites have high 
frequency, including the binding sites of transcription factors involved in 
cellular stress and signal transduction, such as NF-κB, p53, MEF2, ETS1, 
Elk-1, RREB1, etc., as well as the binding sites of transcription factors involved 
in development and differentiation, such as HEN1, Pax6, the SRY, etc. It 
seems that the transcription of improtin β family members are likely to be in the 
complex regulation under intracellular signal transduction system. 
 


















缩写 全称（英文） 中文 
AML1 Runt-related transcription factor 1 Runt 相关转录因子 1 
AP1 Activating protein-1 激活蛋白 1 
APC/C anaphase-promoting complex 后期促进复合物 
Arx Aristaless related homeobox 无芒相关同源异型蛋白 
BRE TFIIB recognition element TFIIB 识别元件 
Cdc cyclin dependent kinase 细胞周期激酶 
CEBPA CCAAT/enhancer binding protein (C/EBP)α 
CCAAT /增强子结合蛋白
（C /EBP）α 
ChIP Chromatin immunoprecipitation 染色质免疫沉淀 
CHRAC Chromatin accessibility complex 染色质接近复合体 
c-Jun Jun proto-oncogene Jun 原癌基因 
Crx Cone-rod homeobox 视杆细胞同源异型蛋白 
CTF CCAAT-binding transcription factor CCAAT 结合转录因子 
DEME Dulbecco’s modified of Eagle’s medium 
Dulbecco 的改良 Eagle 的
培养基 
DNA Desoxyribonucleic acid 脱氧核糖核酸 
DPE downstream promoter element 下游启动子元件 
EGFP Enhanced green fluorescent protein 增强型绿色荧光蛋白 
eIF1 eukaryotic translation initiation factor 1 真核翻译起始因子 1 
Elk1 ETS-like gene 1 ETS 样基因 1 
ETS1 




FOXD1 Forkhead box D1 叉头框蛋白 D1 
GC Glucocorticoid 糖皮质激素 
GR Glucocorticoid receptor 糖皮质激素受体 
HEK293T Human embryonic kidney 293 T 人胚胎肾 293T 细胞 
HEN1 Helix-loop-helix protein 1 螺旋-环-螺旋蛋白 1 
HMM Hidden Markov Model 隐马尔可夫模型 
HLF Hepatic leukemia factor 肝细胞白血病因子 
Hox Homeotic 同源异型 
hUBC9 
Human small ubiquitin-related modified 
(SUMO)-conjugating enzyme 9 
人小泛素相关修饰
（SUMO）连接酶 9 
HuR Hu antigen R Hu 抗原 R 
Inr Initiator 起始子 
IPO importin 核转运受体基因 
IRF2 Interferon regulatory factor 2 干扰素调节因子 2 
MAX MYC associated factor X Myc 相关因子 X 
MEF2A Myocyte enhancer factor 2A 心肌细胞增强因子 2A 
MTE Motif Ten element M10 元件 
MYC Myelocytomatosis oncogene 骨髓细胞瘤癌基因 

















   
缩写 全称（英文） 中文 
MyoD Myogenic differentiation 成肌分化蛋白 
MZF1 Myeloid zinc finger 1 髓锌指蛋白 1 
NC2 Negative Cofactor 2 负辅助因子 2 
NES Nuclear export sequence 核输出信号序列 
NFIL3 Nuclear factor, interleukin 3 regulated 
核转录因子，白细胞介素 3
调节因子 
NF-Y Nuclear transcription factor Y 核转录因子 Y 
NF-κB Nuclear factor-kappa B 核因子κB 
Nkx NK homeobox NK 同源异型蛋白 
NLS Nuclear localization sequence 核定位信号 
NPC Nuclear pore complex 核孔复合体 
NR2F1 Nuclear receptor subfamily 2, group F, member 1 
核受体亚家族，F 组， 
成员 1 
Ntf2 nuclear transport factor 2 核转运因子 2 
Nup nucleoporin 核孔蛋白 
ONPG O-nitrophenyl-β-D-galactopyranoside 邻硝基苯基-β 半乳糖苷 
Pax Paxillin 桩蛋白 
PBX1 Pre-B-cell leukemia homeobox 1 
前 B 细胞白血病 
同源异型蛋白 1 
PMSF Phenylmethanesulfonyl fluoride 苯甲基磺酰氟 
Pom Pore membrane protein 孔膜蛋白 
POU2F1 POU class 2 homeobox 1 POU2 组同源异型蛋白 1 
PPARG Peroxisome proliferator-activated receptor γ 
过氧化物酶体增殖物激活
受体γ 
PVDF Polyvinylidene difluoride 聚偏氟乙烯 
PWM Position Weight Matrix 位点比重阵列 
RanBP Ran-binding protein Ran 结合蛋白 
RanGAP RanGTP-activating protein RanGTP 酶激活蛋白 
RanGEF Ran-guanine nucleotide exchange factor Ran 鸟嘌呤交换因子 
REL Reticuloendotheliosis oncogene 网状内皮增生症癌基因 
RNA Ribonucleic acid 核糖核酸 
RORA 
Retinoic acid receptor（RAR）-related 
orphan receptor α 
维甲酸受体（RAR）相关孤
儿受体α 
rPL5 Ribosomal protein L5 核糖体蛋白 L5 
RREB1 Ras responsive element binding protein 1 Ras 应答元件结合蛋白 1 
RXR Retinoid X receptor 维甲酸 X 受体 
Smad Sma- and Mad-related protein Sma 和 Mad 相关蛋白 
SOX9 SRY (sex determining region Y)-box 9 
性别决定区 Y（SRY） 
盒基因 9 
SP1 Specificity protein 1 特异性蛋白 1 
SRY Sex determining region Y 性别决定区域 Y 

















   
   
缩写 全称（英文） 中文 
SREBP 




STAT Signal transducer and activator of transcription 
信号转导子和转录辅 
转录激活辅因子 
TAF TATA box binding protein (TBP)-associated factor 
TATA 盒结合蛋白（TBP）
相关蛋白 
TBP TATA binding protein TATA 盒结合蛋白 
TFBS Transcription factor binding site 转录因子结合位点 
TF-2 transition protein 2 转化蛋白 2 
TOPORS 
Topoisomerase I binding, arginine/serine-rich, E3 




TSS transcription start site 转录起始位点 
USF1 Upstream transcription factor 1 上游转录因子 1 
VDR Vitamin D receptor 维生素 D 受体 
ZEB1 Zinc finger E-box binding homeobox 1 
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人 importin β家族成员基因名称表 
基因简称 基因全称 其他名称 
KPNB1 
karyopherin (importin)  
beta 1 
IMB1, IPO1, IPOB, Impnb, NTF97, MGC2155, 
MGC2156, MGC2157 
TNPO1 transportin 1 MIP, TRN, IPO2, MIP1, KPNB2 
TNPO2 transportin 2 IPO3, TRN2, KPNB2B, FLJ12155 
IPO4 importin 4 Imp4, FLJ23338, MGC131665 
IPO5 importin 5 
IMB3, KPNB3, RANBP5, MGC2068, FLJ43041, 
DKFZp686O1576 
IPO7 importin 7 Imp7, RANBP7, FLJ14581, MGC138673 
IPO8 importin 8 RANBP8, FLJ26580 
IPO9 importin 9 Imp9, FLJ10402, DKFZp761M1547 
IPO11 importin 11 RanBP11 
TNPO3 transportin 3 IPO12, TRNSR, MTR10A, TRN-SR, TRN-SR2 
IPO13 importin 13 LGL2, IMP13, KAP13, RANBP13, KIAA0724 
XPO1 






CAS, CSE1, XPO2, MGC117283, MGC130036, 
MGC130037 
XPOT 
exportin, tRNA (nuclear 
export receptor for tRNAs) 
XPO3 
XPO4 exportin 4 
FLJ13046, KIAA1721 
 
XPO5 exportin 5 FLJ14239, FLJ32057, FLJ45606, KIAA1291 
XPO6 exportin 6 EXP6, RANBP20, FLJ22519, KIAA0370 
XPO7 exportin 7 RANBP16, KIAA0745 
RanBP6 RAN binding protein 6 FLJ54311 




























核的通道 [2]。组成核孔的主要是三类 Nups：核孔结构蛋白（structural nups）
构建 NPC 整体的骨架；孔膜蛋白（pore membrane proteins，POMs）将 NPC
锚定与核膜上；FG-Nups 是一种特殊的 Nups，其上分布着被带电荷氨基酸和
极性的序列间隔开的多重苯丙氨酸-甘氨酸（FG）、GLFG、FxFG 的重复 motif 
[3]。FG-Nups 主要沿着 NPC 中间孔道分布，向细胞质和核质两个方向伸展纤
丝。这些 Nups，主要是 FG-Nups，参与形成了 NPC 渗透屏障 [4, 5]（图 1）。
无机离子，分子量小于 60KD 的小分子蛋白质可通过自由扩散方式穿越 NPC
的渗透屏障，不需要转运载体协助，不消耗能量 [6]；分子量大于 60KD 大分
子物质只能以主动运输方式出入细胞核，这一过程需要核质转运受体的协助，
同时需要 Ran 蛋白循环体系决定转运的方向以及能量供应 [7]。 
核质转运受体主要包括 importin α家族与 importin β家族。importin α家
族蛋白可以分成三个结构单元：结合 importin β 的氨基端结构域（importin β 
binding domain，IBB）；结合出核转运受体 CAS 的羧基端酸性结构域；和一
个 NLS 结合结构域，该结构域由十个串联重复基序（ tandem armadillo 
repeats，ARM）构成，形成一个右手超螺旋的结构，可以结合经典类型的核























Figure 1.Schematic illustrating the structure the NPC 
材料来源：Monica N. Hall，et.al.，Current Topics in Developmental Biology，2011 [14] 
 
1.1 .2 importinβ家族成员及结构 
importin β家族蛋白是直接的核质转运受体，在真核生物中广泛分布。迄
今为止，在人类细胞中发现超过 20 个成员，酵母细胞中大约 14 个（表 1） [15]。
这些家族成员在功能上保守，在蛋白质序列上具有较低的相似性 （10%-20%）；
分子量大约在 95～145 kDa 之间；等电点 4.5-5.0； 结构上都具有保守的氨基
端 Ran 蛋白结合结构域和羧基端 18-21 个 HEAT Repeats 结构域。HEAT 
（Huntingtin，Elongation factor 3， the regulatory Asubunit of protein 
phosphatase 2A and TOR1）是由连续重复的 37～46 个氨基酸组成的一种螺
旋形棒状结构单元 [16]。而 HEAT Repeats 由多个这样的单元叠加形成具有延
展性的超螺旋，可以通过构象改变为相互作用的蛋白质提供丰富的结合位点
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